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Abstract 

in 

We emphasize that recently observed regularities in hadron inter- 
actions and deep-inelastic scattering are of preasymptotic nature and 
it is impossible to make conclusions on the true asymptotic behav- 
| ior of observables without unitarization procedure. Unitarization is 

important and changes scattering picture drastically. 
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The existence of the regular calculational method for hard processes in- 
spires one to promptly apply the parton model also to calculation of cross 
sections for soft processes. The problems of this extension are notorious. 
They are related both to the increase of the effective coupling constant and 
the phenomenon of the spontaneous breaking of chiral symmetry. The chi- 
ral symmetry breaking results, in particular, in generation of large quark 
masses and in appearance of quark condensates. Nevertheless, the leading 
logarithm approximation in the framework of perturbative QCD was used 
to derive several results for soft processes, in particular, the value of hard 
Pomeron intercept 1 + A ~ 1.5 [fl|. This value seems to find confirmation in 
the deep-inelastic scattering data at small x, obtained recently at HERA [0] . 

Having in mind the new data from HERA and much discussion around 
hard Pomeron 0, in this note we would like to emphasize that the scattering 
of hadrons at energies lower than y/s ~ 0.5 TeV is of preasymptotic nature. 
Thus, at this range of energies we have not any restrictions on the possible 
behavior of cross-sections, following from asymptotic theorems. 

In general, only an approach, explicitly taking into account the unitarity, 
allows one to accurately distinguish between the asymptotic and preasymp- 
totic regimes of scattering. In Refs. M, M we have used the notions of 
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effective chiral quark models for the description of elastic scattering at small 
and large angles. This description is based on the results of the effective 
Lagrangian approach and accounts various aspects of hadron dynamics. For 
example, massive quarks appear as quasiparticles, i.e. as current quarks sur- 
rounded by the clouds of quark-ant iquark pairs of different flavors. Besides 
mass, quark acquires non-trivial internal structure and finite size. Quark 
radii are determined by the radii of the clouds. Strong interaction radius of 
the massive quark Q is determined by its Compton wavelength: 

r Q = £/m Q , (1) 

where the constant £ is universal for different flavors. The quark formfactor 
Fq(c[) is taken in the dipole form, viz 

F Q { q )^{l + et/ml)-\ (2) 

and the corresponding quark matter distribution cZq(6) is of the form (4| 

d Q (b) oc exp(-m Q 6/£). (3) 

Quantum numbers of the constituent quarks are the same as the quantum 
numbers of current quarks due to conservation of the corresponding currents 
in QCD (we do not concern here the axial-vector currents related to spin 
degrees of freedom). 

A common feature of chiral models |5| is the representation of a baryon 
as an inner core, carrying the baryonic charge, and an outer condensate, sur- 
rounding this core |J. Following these observations, it is natural to represent 
a hadron as consisting of the inner region, where constituent quarks are lo- 
cated, and the outer region, filled with the quark condensate || . This picture 
implies that the first stage of the hadron collision is determined by the over- 
lap and interaction of peripheral condensates. In the overlapping region the 
condensates interact and, as a result, virtual massive quarks appear. In other 
words, nonlinear field couplings transform kinetic energy of condensates into 
the internal energy of dressed quarks (see the arguments for this mechanism 
in and references therein for the earlier works). Of course, the number of 
such quarks fluctuates. The average number of quarks is proportional to the 
convolution of the condensate distributions of colliding hadrons: 

N{s, b) ~ M{s) ■ <g> £>f , (4) 
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where the function W(s) is determined by thermodynamics of the kinetic en- 
ergy transformation. To estimate Af(s) one may assume that it has maximal 
possible energy dependence, 

u{s) - JI^MM, ( 5) 

m Q 

where (xq) is the average fraction of the energy carried by constituent quarks, 
tuq is the mass of the constituent quark. 

In the model the constituent quarks, located in the central part of the 
hadron, are supposed to scatter in a quasi-independent way both by the pro- 
duced virtual massive quarks and by other constituent quarks. The scattering 
amplitude of the constituent quark, smeared over its longitudinal momentum, 
may be then represented in the form 

(f Q (s,b)) = [N(s,b) + N-l}(V Q (b)), (6) 

where N = N\ + N2 is the total number of constituent quarks in collid- 
ing hadrons, and (Vq(6)) is the averaged amplitude of single quark-quark 
scattering. 

In this approach the elastic scattering amplitude is constructed as a so- 
lution of the equation [|J 

F — U + iUDF, (7) 

which is presented here in the operator form. This equation allows one to 
satisfy unitarity, provided the inequality 

Im E7(s, 6) > (8) 

is fulfilled. The function U (s, h) (generalized reaction matrix) § — the basic 
dynamical quantity of this approach — is chosen as a product of the averaged 
quark amplitudes 

N 

U(s,b)= II</qM)>, (9) 

Q=l 

in accordance with the assumed quasi-independent nature of valence quark 
scattering. 

The 6-dependence of the function (Jq), related to the quark formf actor 
Fg(g), has a simple form (/q) oc exp(— mg&/£). 
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Following the above considerations, the generalized reaction matrix in a 
pure imaginary case is represented in the form 

--[ N 



U{s,b) = iG(N-l) 



N 



l + a 



m Q 



exp(-M6/0, 



(10) 



where M = Ef=i™Q, G = Uq =1 9q and a = k(1 - (x Q ))/(N - 1). This 
expression allows one to get the scattering amplitude as a solution of Eq. [7|, 
reproducing the main regularities observed in elastic scattering at small and 
large angles. 

In the impact parameter representation the scattering amplitude may be 
written in the form: 



F(s,b) = U(s,b)[l -tU{s,b)]-\ 



(11) 



This is the solution of Eq.|^ at s ^> 4m 2 . Note that the more familiar way 
to provide the direct channel unitarity consists in the representation of the 
scattering amplitude in the eikonal form 



F{s,b) = -(l 

where x( s > b) is the eikonal function, related to the function U (s, b) by the 
equation: 

X{s,b) =zln . 

1 + iU (s, b) 

At moderate energies s -C so, where y/so = rriQ/a (note that the magni- 
tude of a can be derived from the numerical analysis and is about 1.5- 10 -4 , 
hence ^/sq — 2 TeV), the function U(s, b) can be represented in the form 



U{s,b) = ig 



1 + Na^- 
m Q 



exp(-M6/0, 



(12) 



where g = G(N — 1) N . At very high energies s > so we can neglect the 
energy independent term in Eq.|l0| and rewrite the expression for U(s,b) as 



U(s,b) = ig (s/m 2 Q ) N/2 eM-Mb/0- 



(13) 



Calculation of the scattering amplitude is based on the impact parameter 
representation 



F(s,t) 



2vr 2 



df3F(s,P)J (^j3~t),/3 
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°t*(*) = 7ZTvi*(*,N), (14) 



and the analysis of singularities of F(s, (3) in the complex /3-plane. 

Besides the energy dependence of these observables, we will emphasize 
its dependence on geometrical characteristics of non-perturbative quark in- 
teractions. 

The total cross-section has the following energy and quark mass depen- 
dencies: 

ne 

where (toq) = Z)q=i m Q is the mean value of the constituent quark masses 
in the colliding hadrons. The function <3> has the following behavior: 

f (8g/N 2 ) [1 + Nay/s/m Q ] , s « s , 
*( 8 ,N) = \ (15) 
[ In s, s » s - 

Thus, at asymptotically high energies the model provides 

,. &tot(ab) 

hm — = L 

crtot{ab) 



s^oo 



The preasymptotic rise of the total cross-sections, linear with y/s, is in 
agreement with the experimental data say up to y/s ~ 0.5 TeV. In Fig. 1-3 
the dependence 

a tot = A + By/Ts (16) 

is compared with the experimental data for pp, pp, K ± p and n^p interactions. 
It is interesting to note that these simple fits with two free parameters A and 
B indicate a possible intersection of particle and antiparticle total cross- 
sections, i.e. simulate the Odderon effect. 

The inelastic cross-section can be calculated in the model explicitely, viz 
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(Tinel{s) = —pf, T^ln 

N 2 (m Q } 2 



m Q 



(17) 



At asymptotically high energies the inelastic cross-section growth is as fol- 
lows: 

a - l{s) = N(^y lns - (18) 

At s ^> s the dependence of the hadron interaction radius R(s) and the 
ratio Oeijutot on s is given by the following equations: 
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<jpi(s) 4 . , 

a tot (s) Nlns K J 

It is important to note here that such behavior of the ratio o e ija tot and 
o'inei(s) is a result of the self-damping of inelastic channels |§ at small impact 
distances. Numerical estimates || show that the ratio a e i(s) / a to t(s) reaches 
the asymptotic value 1 at extremely high energy y/s = 500 TeV. 

Slower relative increase of the inelastic cross-section at high energies is 
due to the fact that the inelastic overlap function rj (s, b) becomes peripheral, 
and the whole picture corresponds to the antishadow scattering at b < R(s) 
and to the shadow scattering at b > R(s). 

Such behavior of the contribution of inelastic channels arises because the 
scattering amplitude f(s, b) goes beyond the black disc limit with the growth 
of energy: 

|/(a,6)|>l/2 

at b < R(s) [pii|| . The appearance of the region where the scattering pro- 
cess has antishadow nature is due to the self-damping of inelastic channels. 
Indeed, in the pure imaginary case U(s, b) arises as a shadow of inelastic pro- 
cesses. However, the increase of the function U(s, b) due to the increase of 
the contributions of inelastic channels leads to the decrease of inelastic over- 
lap function at b < R{s) and feedback the elastic channels. This behavior of 
the cross-sections is in accord with the lower bound for elastic cross-section 

CTtot(S) 



CTel{S) > 



36ng(s) 



(Ttot(s), (21) 



g(s) = j t (\nlmF(s,t))\ t=0 . 

The quantitative analysis of the experimental data || indicates that an- 
tishadow scattering mode starts to develop at ^Js = 2 TeV. This result is 
in agreement with the experimental indications from the CDF data that 
the elastic amplitude f(s,b) at b = already reaches the black disc limit 
T2 \. The development of the antishadow mode in head-on pp-collisions at 
Tevatron could be associated with new phenomena in the central hadronic 
collisions where the temperatures are high and the energy density can be up 
to several GeV/ fm 3 . 

Thus, unitarization drastically changes the scattering picture: at lower 
energies inelastic channels provide dominant contribution and scattering am- 
plitude has a shadow origin, while at high energies elastic scattering domi- 
nates over inelasic contribution and the scattering picture corresponds to the 
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antishadow mode. The functional s-dependencies of observables also differ 
significantly. For example, s-dependence of the total cross-section at s <C s 
is described by a simple linear function of y/s. It has been shown that such 
dependence does not contradict the experimental data for hadron total cross- 
sections at least up to yfs ~ 0.5 TeV (see Figs. 1-3 and || for earlier results). 
Such dependence corresponds to that of the hard Pomeron with A = 0.5, 
however, it is obtained in a different approach Q . This is the preasymptotic 
dependence and it has nothing to do with the true asymptotics of the total 
cross-sections. In the model such behavior of hadronic cross-sections reflects 
the energy dependence of the number of virtual quarks, generated in the 
intermediate transient stage of hadronic interaction. 

The experimental data on <J to t(lp) can also be described by Eq.[T^. The 
comparison with the data is given in Fig. 4. New data from HERA at small x 
correspond to the cm. energy range of j*p system W = 50 — 300 GeV which, 
judging by the hadronic cross-sections behavior, should be considered as the 
preasymptotic energy region. In this region the rise of hadronic cross-sections 
is consistent with the linear dependence on 

The observed behavior of the structure function F2 at small x or, equiva- 
lently, the dependence of <Jtot(l*p) 011 W @ favors Eq. [16] with Q 2 - dependent 
parameters A and B (cf. Fig. 19 in 0], ZEUS data). In the framework of 
the model || we can speculate that this Q 2 -dependence reflects the fact that 
the efficiency of the transformation of hadron kinetic energy into the masses 
of virtual quarks (parameter n in Eq. |]) depends on Q 2 , k — > k(Q 2 ), and the 
function k(Q 2 ) has the critical behavior with Q 2 , viz it has a steep increase 
at Q 2 ~ 1 GeV 2 . Thus, it seems premature to claim that the hadronic data 
and data obtained in deep-inelastic scattering require two Pomerons - soft 



and hard ones [13 
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Figure captions 

Fig. 1 Total cross-sections of pp- and pp-interactions. Data from Tevatron 
at y/s = 1.8 TeV beyond the preasymptotic region have not been included. 

Fig. 2 Total cross-sections of 7r ± j9-interactions. 

Fig. 3 Total cross-sections of K ± p-interactions. 

Fig. 4 Total cross-section of 7p-interactions. 



9 




100 1 1 — 1 — 1 — 1 — '— 1 1 1 1 1 — 1 — 1 — '— 1 — 

10 100 

Vs, GeV 



Fig. 4 



